Background
Results
No significant association with psoriasis was observed for rs2910164, rs1368439, and rs1468488 genotypes. However, the major allele T of rs4597342 -ITGAM was associated with approximately 28% higher risk for psoriasis in comparison to the patients with the C allele (OR = 1.28, 95% CI 1.01-1.61, p = 0.037). In case of genotypes, the effect of the T allele indicates the dominant model of disease penetrance as the CT and TT genotypes increase the chance of psoriasis up to 42% in comparison to CC homozygotes of rs4597342 (OR = 1.42, 95% CI = 1.05-1.94, p = 0.025). 
Conclusion

Introduction
Great progress has been made in the understanding of inflammatory processes involved in psoriasis pathogenesis in recent years. The interaction of genetic background and environmental factors is engaged in psoriasis development and influences the course of the disease. Characteristic inflammatory processes involve dendritic cells (DCs), Th1, Th17, Th22 lymphocytes, and other inflammatory cells. Cytokines produced by these cells support inflammation in the skin and induce abnormal behavior of keratinocytes which also contribute to the cytokine milieu and inflammatory circuits in psoriasis [1] . Inflammatory processes in psoriasis are influenced by a range of genetic, epigenetic and environmental factors. One such epigenetic factor are microRNAs (miRNA), small~22 nucleotides long molecules of non-coding RNA, regulating gene expression at the post-transcriptional level by sequence-specific binding to the 3'UTR of target genes [2] . This fine-tuned tool regulates multiple target genes and significantly impacts a wide range of cellular processes including the development and behavior of inflammatory cell subsets, thereby affecting inflammatory response [3] . Since the discovery of deregulated miRNA expression in psoriasis, our knowledge of its contribution to psoriasis pathogenesis has widely expanded. The deregulated expression of miRNAs in psoriasis has been observed to be involved in the regulation of keratinocyte proliferation and differentiation while also influencing the regulation of inflammation in psoriatic skin [4] [5] [6] [7] . Even though miRNA sequences are relatively evolutionary conserved, they can also exhibit a certain degree of genetic polymorphism. Recent studies have proven that single nucleotide polymorphisms (SNPs) in miRNA sequences may either alter sequence stability during maturation processes or change the sequence affinity to their target sites [8, 9] . An example of such an SNP is rs2910164 within the miR-146a precursor molecule, which is localized directly in the miRNA seed site of miR-146a-3p [8, 10] . Furthermore, even SNPs within the 3'UTR of a target gene itself can disrupt this otherwise perfectly tuned genetic regulation mechanism. This genetic variation in either the miRNA sequence or 3'UTR has been proven to be a risk factor for various diseases such as cancer [11, 12] , cardiovascular diseases [13, 14] , neuropathies [15] and chronic inflammatory diseases [16, 17] including psoriasis [18] . Pivarcsi et al. proposed that genetic variation plays a key role in disrupting the balance of immune system regulation which consequently leads to chronic inflammation in psoriatic skin [19] .
Considering the above-mentioned facts, we used a bioinformatics approach to identify SNPs within psoriasis inflammation-associated genes or miRNAs. As a result of this approach we selected and investigated the following genetic variations: SNP rs2910164 in miR-146a and SNPs rs4597342 in 3'UTR of ITGAM as an associated target of miR-21, rs1368439 in 3'UTR of IL12B as an associated target of miR-513a-5p and rs1468488 in 3'UTR of IL17RA as an associated target of miR-320a in psoriasis. These genetic variationswhich may affect miRNAs' post-transcriptional regulation of gene expression either through SNPs directly in the miRNA sequence, as in the case of SNP rs2910164 in miR146a, or SNPs in 3'UTR of target genes-were assessed with respect to their potential association with psoriasis susceptibility.
Materials and methods
Patients and controls
This case-control study included only women with psoriasis (n = 241) and healthy women as controls (n = 516). Both cases and controls were obtained from the same source population of Central European origin with permanent residence in the South Moravian region of the Czech Republic. Men were excluded from the study due to unequal participation of men in the control group which was originally focused on dietary habits and lifestyle choices and involved volunteers-hence it suffered from strong selection bias towards the participation of women. All psoriasis patients (241 women; mean age 49.7 ± 16.4; mean age at psoriasis onset 25.9 ± 16.6) were diagnosed in accordance to criteria set up by American Academy of Dermatology and treated accordingly at the First Department of Dermatovenereology at St. Anne's University Hospital Brno, Czech Republic. Three clinical subtypes of psoriasis were identified among the patients, i.e. plaque psoriasis (n = 183), pustular psoriasis (n = 12) and guttate psoriasis (n = 46). The control group consisted of healthy non-related individuals without a previous personal history of psoriasis or other severe skin disease (516 women; mean age 48.4 ± 13.93 years). This group was recruited at the Department of Preventive Medicine, Masaryk University, Brno. This study was approved by the Committee for Ethics of Medical Experiments on Human Subjects, Faculty of Medicine, Masaryk University, Brno, Czech Republic and performed in accordance with the Helsinki Declaration guidelines. All participants signed informed consent forms which were subsequently archived.
Bioinformatics
Studied SNPs were selected using two different approaches. First, we considered miRNAs with altered expression in psoriasis; second, we searched for genes involved in the inflammatory processes of psoriasis. The list of candidate miRNAs involved in psoriasis pathogenesis was compiled following a search of relevant literature found on PubMed and Web of Science whereas the list of candidate genes associated with psoriasis pathogenesis was obtained using GWAS Integrator [20] , Gene Prospector (unavailable since May 2016) [21] and DisGeNET [22] . All candidate miRNAs and genes were subject to bioinformatics analysis using the miR-NASNP v2.0 online tool [23] which was designed to locate SNPs within miRNA sequences or the 3'UTR of target genes with predicted miRNA binding site gain or loss. Localized SNPs were ranked using Gibbs-free energy (ΔΔG) changes by comparing common alleles with their corresponding rare alleles. SNPs with the greatest change in binding energy were selected for experimental testing. The bioinformatics analysis led to the selection of four SNPs with the most promising effect on miRNA sequence stability or binding affinity: rs2910164 -miR-146a; rs4597342 -ITGAM, an associated target of miR-21-5p; rs1368439 -IL12B, an associated target of miR-513a-5p; rs1468488 -IL17RA, an associated target of miR-320a. The effects, location and other properties of selected SNPs are shown in S1 Table.
Additionally, the web-based application LDlink [24] was used to assess linkage disequilibrium (LD) of SNP rs4597342 to genetic variations previously associated with functional changes in ITGAM. This tool uses data from the 1000 Genomes Project Phase 3 (Version 5). Modules LDproxy and LDpair were used with CEU as the reference population.
SNP genotyping
A standard PCR-RFLP analysis was used to determine all studied SNPs using the genomic DNA of all participants, extracted from peripheral blood. SNP rs2910164 in miR-146a was genotyped using a method previously employed by Zhang et al. [18] . The three remaining SNPs, i.e. rs4597342 in ITGAM, rs1368439 in IL12B and rs1468488 in IL17RA, were genotyped using carefully designed methods described in S1 File. The accuracy of genotyping data for SNPs obtained by PCR-RFLP analysis was further validated by Sanger sequencing of PCR products using newly designed sequencing primers with randomized sample selection.
Statistical analysis
Statistical analysis was carried out using statistical software R (version 3.3.3) [25] . We initially explored the descriptive characteristics of the study population and the basic relationships between individual variables. All categorical variables were expressed as percentages and continuous variables as mean ± standard deviation (SD) unless otherwise stated. For further analysis, values of p < 0.05 were considered statistically significant. Pearson's χ 2 test and Fisher's exact test were used to assess the Hardy-Weinberg equilibrium for all examined SNPs. Both allelic and genotype association between individual SNPs and psoriasis were tested using Pearson's χ 2 test with a permutation test correction for multiple testing [26] . For SNPs with a significant relationship to psoriasis, a logistic regression model was constructed with psoriasis diagnosis as the dependent variable and a given SNP and recruitment age as independent variables.
Results
A total number of 757 subjects were genotyped for four candidate SNPs: rs2910164 -miR146a, rs4597342 -ITGAM, rs1368439 -IL12B, rs1468488 -IL17RA. Based on Pearson's χ 2 test and Fisher's exact test, all genotypes of SNPs rs2910164 -miR-146a, rs4597342 -ITGAM and rs1368439 -IL12B were in agreement with the Hardy-Weinberg equilibrium in cases and controls. However, as the distribution of SNP rs1468488 -IL17RA genotypes was in the HardyWeinberg disequilibrium (p = 0.038) for the control group, SNP rs1468488 was excluded from further analyses. All genotype and allele frequencies were then compared between cases and controls ( Table 1 ). The only difference between genotype frequencies was observed at the edge of significance (χ 2 = 5.08, df = 2, p = 0.079) for SNP rs4597342 -ITGAM. However, when applying the dominant model of disease penetrance for SNP rs4597342 genotypes CT and TT, we observed a significant difference between cases and controls (p = 0.029). A significant difference (p = 0.014) was also observed in case of allelic comparison. Logistic regression models with psoriasis diagnosis as a dependent variable were subsequently created in order to evaluate the risk of psoriasis for the T allele and CT+TT genotypes of SNP rs4597342. This logistic regression model showed significantly higher odds of psoriasis for the rs4597342 T allele regardless of subject recruitment age (OR = 1.28, 95% CI 1.01-1.61, p = 0.037). Considering the dominant model of disease penetrance, a significantly increased risk of psoriasis was observed for rs4597342 CT and TT genotypes compared to the CC genotype (OR = 1.42, 95% CI = 1.05-1.94, p = 0.025) ( Table 2) .
Additionally, the role of each SNP in psoriasis subtypes was also tested. However, some categories did not meet the requirements for the lowest expected frequencies for statistical testing; this analysis requires a larger sample of psoriasis subtypes (S2 Table) . We also conducted an analysis of genetic susceptibility in case subgroups based on the age of psoriasis onset. Earlyonset psoriasis (�40 years) and late-onset psoriasis (>40 years) are known to have different genetic backgrounds and clinical patterns in a Caucasian population [27] . Therefore, the cohort of cases was divided into two groups, i.e. early onset (�40 years, n = 196) and late onset (>40 years, n = 45), and subsequently analyzed for genetic susceptibility to psoriasis in the context of the family history of psoriasis and each of the studied SNPs. Performed analyses suggest a significantly higher chance of psoriasis with early onset in case of rs2910164 -miR- Table) . Although we established a significant association of rs4597342 with psoriasis in women, it is important to note that the functional association with miR-21 binding is based only on in silico analysis. As a result, we decided to consider other functional genetic variants in LD to rs4597342. Therefore, we conducted a search of SNPs in LD to rs4597342 using the LDlink application. Following this, SNPs with R 2 values ranging from 0.8 to 1.0 were searched for previous associations in published research. However, none of 46 SNPs within the range were previously described with a functional change in CD11b. In addition, we also evaluated SNPs known to change CD11b function and established their LD to rs4597342. Among the most discussed non-synonymous SNPs within ITGAM were rs1143678, rs1143679, and rs1143683. These SNPs were found in a strong LD and translate into missense mutations P1146S, R77H, and A589V, respectively, and affect Mac-1 functions [28] . 
Discussion
In order to build on previous knowledge, we searched the miRNASNP v 2.0 database for SNPs that may cause alterations in the mechanism of post-transcriptional regulation by miRNA and thus contribute to psoriasis pathogenesis. Throughout this bioinformatics process, we strictly focused on genes and miRNAs involved in psoriasis inflammation. This analysis led us to select the following SNPs: rs2910164 C/G in miR-146a, rs4597342 T/C in the 3'UTR of ITGAM, rs1368439 G/T in the 3'UTR of IL12B and rs1468488 C/T in 3'UTR of IL17RA. The majority of other genes involved in psoriasis inflammation rarely exhibit polymorphisms in the 3'UTR or the change in the Gibbs-free energy due to the polymorphism is low. Polymorphic miR-146a, one of the most abundantly expressed miRNAs in psoriatic skin, has been suggested to be involved in the regulation of innate immunity and proliferation of keratinocytes [6, 7, 29, 30] . The functional SNP rs2910164 C/G in miR-146a was previously associated with an increased risk of psoriasis in the Chinese Han population. In the study, the rs2910164 G allele was shown to exhibit lower levels of mature miR-146a that impair its regulation on the expression of EGFR, resulting in the increased proliferation of keratinocytes [18] . Additionally, the most recent study by Srivastava et al. describes a lower sensitivity to IL-17-mediated skin inflammation in case of the rs2910164 CC genotype that indicates a protective character in psoriasis [31] . Although we did not observe any significant association of rs2910164 with psoriasis when comparing the cases to controls, we have found a significant association with early psoriasis onset (�40 years). It could be suggested that early-onset psoriasis and late-onset psoriasis manifest themselves with distinct clinical features and may be caused by slightly different pathogenic pathways [27] .
rs4597342 is localized it the 3'UTR of ITGAM coding CD11b, the α-chain of integrin receptor CD11b/CD18 also known as Mac-1 or CR3. This receptor is highly expressed primarily on the surface of innate immune cells such as monocytes, macrophages, neutrophils, and DCs. CD11b modulates cell adhesion, migration, tissue recruitment and phagocytosis of innate immune cells, and also modulates signaling pathways in these cells, e.g. the Toll-like receptor (TLR) signaling pathways [32, 33] . While CD11b is present in an inactive conformation on circulating leukocytes under basal conditions, it is rapidly activated following TLR stimulation.
Its activation reduces the activation of NFκB that consequently leads to the reduced production of IL-6 and other pro-inflammatory cytokines. On the other hand, innate cells deficient in CD11b result in the enhanced activation of NFκB and other TLR-dependent pathways and inflammatory cytokine production [32, 34] . CD11b was also associated with the negative regulation of other immune cell signaling pathways following ligand binding, e.g. suppression of T-cell activation [35] , negative regulation of Th17 cell development [36, 37] , and modulation of DC maturation and function [34] . The impairment in CD11b may thus significantly influence the inflammatory processes in psoriasis.
In this study we have investigated the SNP rs4597342 as a possible target of miR-21 that is upregulated in psoriasis [5, 6] . Since the rs4597342 T allele is associated with a binding site gain for miR-21, the expression of ITGAM can be negatively regulated and its deficiency may result in the CD11b/CD18 receptor dysfunction. We have shown that the T allele and CT and TT genotypes are significantly associated with higher risk of psoriasis in women; therefore, our hypothesis which associates CD11b deficiency with miR-21 post-transcriptional regulation in psoriasis might be plausible (Fig 1) . Some features of CD11b deficiency like enhanced activation of NFκB and other TLR-dependent pathways [38] , Th-17 cells expansion [1] , higher activity of DCs and production of some pro-inflammatory cytokines, e.g. IL-1β, IL-6, IL-12, IL-23, and TNF-α [39] , are observed in psoriasis. Additionally, CD11
+ cells are accumulated at the site of inflammation in psoriasis and the Mac-1 receptor is utilized for cell migration into the tissue [40] . Nevertheless, blocking the Mac-1 receptor does not result in complete inhibition of innate cell adhesion and migration [41] ; as a result, CD11b deficiency may not affect cell migration while still affecting the remaining above-mentioned inflammatory properties of innate immune cells. However, the role of the Mac-1 receptor in psoriasis has not been properly studied and information about CD11b in psoriasis patients is very limited. Thus far, only a study by van Pelt et al. [42] observed a decreased expression of CD11b on circulating polymorphonuclear leukocytes in patients with plaque psoriasis in comparison to healthy controls. While the authors were unable to explain this observation, it might in fact be explained by our results. On the other hand, other studies comparing psoriasis patients with healthy controls did not report any significant differences for CD11b levels [41, 43] . However, Sjögren et al. [43] reported higher levels of CD11b in patients with pustular psoriasis in comparison with those with plaque psoriasis, and suggested a different mechanism for pustular psoriasis development involving CD11b expression. Moreover, several non-synonymous SNPs localized within ITGAM have been previously associated with systemic lupus erythematosus (SLE) susceptibility [28, 33, 44] . Although our LD analysis suggests that the rare variants of the three most common ITGAM SNPs, i.e. rs1143678, rs1143679 and rs1143683, are not within the same haplotype as the rs4597342 T allele, SLE and psoriasis do share some inflammatory features which might be associated with functionally deficient CD11b as a result of these SNPs. All three variants across different protein domains result in a functional deficiency of CD11b with limited effects on its surface expression levels [28, 33] . However, as these SNPs have not been studied in psoriasis, we cannot discuss the involvement of these variants in psoriasis pathogenesis.
Genetic variability in the area of IL12B and IL17RA has previously been associated with psoriasis in many studies. The products of these genes have been found to contribute to psoriasis pathogenesis and to influence treatment response [45] [46] [47] [48] . Therefore, we investigated SNP rs1368439 G/T in 3'UTR of IL12B where its minor allele G was associated with the gain of a binding site for miR-513a-5p. This interaction could potentially lower the IL12B expression and thus alleviate inflammatory processes during psoriasis. Nevertheless, we did not observe any significant association of rs1368439 with psoriasis. Similarly, no association was found in the case of SNP rs1468488 C/T in 3'UTR of IL17RA with the loss of a binding site for miR320a, which could result in the higher expression of IL-17RA and thus influence the IL-17 pathways in psoriasis. However, no robust conclusion can be derived on this SNP as the control group was in a Hardy-Weinberg disequilibrium. The results of the initial genotyping method were confirmed by DNA sequencing, hence the possible explanation may be the selection bias that could had been introduced by the control group study design which explored dietary habits and lifestyle choices in general population and hence may be inadvertently biased towards specific phenotypes.
Although the studied SNPs were chosen following a rigorous bioinformatics analysis, it is important to note that all miRNA/SNP interactions were only predicted in silico and should thus be validated experimentally. Also, as the analysis only focused on women, it is important to confirm the results in man, especially in the case of ITGAM rs4597342. The variability of ITGAM has been previously associated with SLE which has a nine times higher prevalence in women [33] ; it is thus possible that the effect of rs4597342 in psoriasis may be sex-dependent. Moreover, while it is likely that studied SNPs do not pose a causal risk for psoriasis development, they may still alter the severity and the course of psoriasis development-which we were unable to uncover since no patient follow-up was included in this study and only DNA samples were available for analysis.
In conclusion, this study associated SNP rs4597342 within 3'UTR of ITGAM with psoriasis susceptibility. The associated risk was observed for rs4597342 allele T which is linked to the gain of a binding site for miR-21, known to be upregulated during psoriasis. The genotype analysis suggests a dominant model of disease penetrance with approximately 42% higher odds of psoriasis for rs4597342 CT and TT genotypes. The T allele together with overexpression of miR-21 may cause CD11b deficiency on innate immune cells. This CD11b deficiency may not limit cell migration but can disrupt signaling pathways such as TLR-dependent pathways, stimulates Th-17 expansion, and increases DCs activity, all of which contribute to psoriasis pathogenesis. However, this functional hypothesis must be experimentally tested in vitro and/or in vivo. 
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